Spiral analysis identified differences in ET patients developing tolerance to DBS. Potential tolerance to Vim DBS in ET can be predicted pre-operatively. Objective kinematic testing can aid in pre-operative assessment of complex tremors.
a b s t r a c t
Objective: To identify pre-operative clinical and computerized spiral analysis characteristics that may help ascertain which patients with Essential Tremor (ET) will exhibit 'early tolerance' to ventral intermediate nucleus of thalamus (Vim) deep brain stimulation (DBS). Methods: Identification of comparative characteristics of defined cases of 'early tolerance' versus patients with sustained satisfactory response treated with Vim DBS surgery for medically-refractory ET, based on retrospective chart review by a clinician blinded to the findings of computerized spiral analysis. Results: Statistically significant differences in two spiral analysis indices, SWVI and DoS, were found in the dominant upper limbs of patients who developed 'early tolerance', whereas the clinical characteristics were not significantly different. Conclusion: Objective measurements of upper limb kinematics using graphonomic tests like spiral analysis should be considered in the pre-operative evaluation for DBS, especially in the setting of moderatesevere predominantly action and proximal postural tremors. Significance: Ours is the first investigation looking into the pre-operative clinical and objective physiologic characteristics of the patients who develop 'early tolerance' to Vim DBS for the treatment of essential tremor. The study has significant implications for pre-operative evaluation and potential surgical target selection for the treatment of tremors.
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Introduction
Essential tremor (ET), is the most common cause of adult onset tremors. The diagnosis is made clinically on the basis of chronic, disabling action tremors. The phenotype is variable and heterogeneous; some patients experience a gradual increase in severity and disability over the years, others developed generalized tremors, including legs, head, and voice; and some individuals evolve into a pancerebellar syndrome that includes limb dysmetria and gait ataxia. In accordance with the varied clinical presentation, the tremor may be generated by different pathophysiologic mechanisms, with important therapeutic and prognostic implications (Louis et al., 1998; Bain et al., 2000; Deuschl and Elble, 2000; Louis et al., 2000; Deuschl and Elble, 2009) , and differing response to medication treatment and neurosurgical intervention (Gorman et al., 1986; Koller et al., 2000; Blomstedt et al., 2011 
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